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carrier, a light emitting unit, a plurality oflight receiving units
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patch image when light is irradiated by the light emitting unit
onto the patch image which moves with movement of the
image carrier and each including one or more light receiving
elements, and an output unit for outputting an output signal
that depends on a difference between a received light quantity
of'a first light receiving unit and a received light quantity of a
second light receiving unit that are respectively odd-num-
bered and even-numbered in the arrangement order of the
light receiving units.
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1
IMAGE FORMING APPARATUS HAVING
TWO OR MORE LIGHT RECEIVING UNITS

TECHNICAL FIELD

The present invention relates to image forming apparatuses
such as copiers, printers and faxes.

BACKGROUND ART

The density characteristics of images printed by an image
forming apparatus vary under the influence of factors such as
change in the characteristics of components over time, varia-
tion in characteristics at the time of manufacture, and the use
environment. Japanese Patent Laid-Open No. 2008-249714
discloses a configuration for adjusting density by forming a
patch image for detecting density.

In Japanese Patent [Laid-Open No. 2008-249714, first, light
is irradiated by a light emitting element consisting of an
infrared light emitting diode or the like onto a color toner
image formed on an intermediate transfer body, and light that
is specular reflected at this time is received by a light receiv-
ing element for specular reflection, while light that is diffuse
reflected is received by a light receiving element for diffuse
reflection. Here, the light receiving elements can be consti-
tuted by phototransistors, for example. The density of the
color toner image is derived from the output of both light
receiving elements.

At this time, the infrared light emitting diode and pho-
totransistors are held by being enclosed in packages. Passage-
ways are formed in these packages for securing a light path
for light irradiated by the light emitting element to travel to
the object being irradiated, and a light path for light specu-
larly reflected by the object being irradiated to travel to the
light receiving elements. A passageway for securing a light
path for light diffusely reflected by the object being irradiated
to travel to the light receiving elements may also be formed in
the packages.

With conventionally known sensors for detecting the light
quantity ofa patch image, it is, for instance, necessary to form
light passageways in the packages, as described above, in
order to separate specular reflected light and diffuse reflected
light, with this being a problem in that it leads to an increase
in size of the light quantity detection sensor.

SUMMARY OF INVENTION

The present invention provides an image forming appara-
tus that prevents from increasing size of the sensor for detect-
ing light quantity in the case of separating specular reflected
light and diffuse reflected light in association with patch
image detection.

An image forming apparatus includes an image carrier; an
image forming means for forming a patch image on the image
carrier; a light emitting means; a plurality of light receiving
means adjacently arranged so as to receive light reflected
from the patch image when light is irradiated by the light
emitting means onto the patch image which moves with
movement of the image carrier, and each including one or
more light receiving elements; and an output means for out-
putting an output signal that depends on a difference between
a received light quantity of a first light receiving means and a
received light quantity of a second light receiving means that
are respectively odd-numbered and even-numbered in an
arrangement order of the light receiving means.
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Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram showing a configuration of an image
forming apparatus according to an embodiment;

FIG. 2 is a perspective view showing a configuration of a
sensor according to an embodiment;

FIG. 3 is a circuit diagram of a sensor according to an
embodiment;

FIGS. 4A and 4B are diagrams illustrating reception of
specular reflected light from a patch image according to an
embodiment;

FIG. 5 is a diagram showing the relationship between the
pitch of light receiving elements of a sensor and the pitch of
lines of a patch image according to an embodiment;

FIGS. 6A and 6B are diagrams illustrating reception of
diffuse reflected light from a patch image according to an
embodiment;

FIG. 7 is a diagram illustrating reception of reflected light
from an area in which a patch image is not formed according
to an embodiment;

FIG. 8 is a diagram for describing output waveforms of a
sensor according to an embodiment;

FIG. 9 is a diagram showing an output waveform of a
sensor according to an embodiment;

FIG. 10 is a diagram showing patch images according to an
embodiment;

FIG. 11 is a diagram showing output waveforms of a sensor
relative to patch images according to an embodiment;

FIG. 12A is a block diagram of a control unit according to
an embodiment;

FIG. 12B is a diagram showing waveforms of the compo-
nents in FIG. 12A;

FIG. 13 is a circuit diagram of a sensor according to an
embodiment;

FIG. 14 is a diagram illustrating reception of specular
reflected light from a patch image according to an embodi-
ment;

FIG. 15 is a diagram illustrating reception of specular
reflected light from a patch image according to an embodi-
ment;

FIG. 16 is a perspective view illustrating reception of
specular reflected light from a patch image according to an
embodiment;

FIG. 17 is a diagram showing the relationship between the
pitch of light receiving elements of a sensor and the pitch of
lines of a patch image according to an embodiment;

FIG. 18 is a diagram showing the relationship between the
pitch of light receiving elements of a sensor and the pitch of
lines of a patch image according to an embodiment;

FIG. 19 is a diagram showing an output waveform of a
sensor according to an embodiment;

FIG. 20 is a diagram showing output waveforms of a sensor
relative to patch images according to an embodiment;

FIG. 21A is a block diagram of a control unit according to
an embodiment; and

FIG. 21B is a diagram showing waveforms of the compo-
nents in FIG. 21A.

DESCRIPTION OF EMBODIMENTS
First Embodiment

First, an image forming unit of an image forming apparatus
according to the present embodiment will be described using
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FIG. 1. In FIG. 1, a charging unit 164 uniformly charges a
photosensitive member 18a serving as an image carrier, and
an exposure unit 11a irradiates the photosensitive member
18a with a laser beam and forms an electrostatic latent image.
A developing unit 17a develops the electrostatic latent image
on the photosensitive member 18a with black toner to form a
toner image. A primary transfer unit 19« transfers the toner
image on the photosensitive member 184 to an intermediate
transfer belt 8 serving as an image carrier. In other words, a
toner image is formed on an image carrier. Note that exposure
units 115 to 114, charging units 165 to 16d, developing units
175 to 17d, photosensitive members 185 to 184, and primary
transfer units 1956 to 19d are respectively for forming cyan,
magenta and yellow toner images on the intermediate transfer
belt 8. The toner images of the different colors may be super-
imposed on the intermediate transfer belt 8.

A secondary transfer unit 42 transfers the toner images on
the intermediate transfer belt 8 to recording material from a
cassette 22. A fixing unit 23 applies heat and pressure to the
toner images transferred to the recording material to fix the
toner images to the recording material. Also, a control unit 25
is provided with a CPU 26, with the CPU 26 performing
overall control of the image forming apparatus, such as con-
trol relating to image formation and control relating to fault
detection.

Furthermore, the image forming apparatus is provided with
a sensor 27 that detects the density of a patch image for
density control or the like formed on the intermediate transfer
belt 8 by the image forming unit, and detects a patch image for
color shift correction formed on the intermediate transfer belt
8. Note that the data of the patch images for density control
and color shift correction to be formed is preset in a storage
unit of the image forming apparatus (not shown). Toner
images (patch images) are formed by the image forming unit
in accordance with this patch image data.

Also, the control unit 25 receives an output signal of the
sensor 27, and automatically performs maximum density cor-
rection and intermediate density correction. Note that the
maximum density correction is performed by changing pro-
cess conditions (image forming conditions) such as develop-
ing bias and charging bias. Also, the intermediate density
correction is correction (so-called gamma correction) for
ensuring that image signals and image density are in a linear
relationship (image forming condition). Note that the control
unit 25 executes density correction in the case where a pre-
scribed condition is met, such as when a predetermined num-
ber of sheets have been printed, when power is turned on, or
when the image forming apparatus receives input from the
user instructing that density correction be performed.

Note that although a tandem image forming apparatus
using the intermediate transfer belt 8 is given as an exemplary
image forming apparatus in the following description, the
present invention is not limited to this system of image form-
ing apparatus. For example, the image forming apparatus may
be a device that transfers toner images formed on a plurality
of photosensitive members directly to recording material. In
this case, a recording material conveyance member (record-
ing material carrier) that conveys recording material is tar-
geted for patch image formation, and functions as an image
carrier. Furthermore, the image forming apparatus may be a
rotary device constituted by a single photosensitive member.
Furthermore, the image forming apparatus may be configured
to detect the toner density of a patch image formed on a
photosensitive member.

The sensor 27 of the present embodiment is configured by
disposing a light emitting element 272, light receiving ele-
ments 273 and 274, and a control IC 275 having a control
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circuit formed therein on the same surface of a substrate 271,
as shown in FIG. 2. Note that the control IC 275 is electrically
connected to the CPU 26 directly or via a signal forming
circuit such as a rectifying circuit 251 (discussed later). The
light emitting element 272 is an LED, for example, and the
light receiving elements 273 and 274 are photodiodes or
phototransistors, for example, and are arranged so as to be
capable of receiving reflected light from the light emitting
element 272. In the present embodiment, the light receiving
elements 273 and 274 are arranged at an equal pitch, and the
numbers of light receiving elements 273 and 274 are the
same. In other words, an even number (of two or more) of
light receiving elements is used. Note that the light receiving
elements 273 (first light receiving unit), which are arranged in
odd-numbered positions in order of arrangement in the array
direction, and the light receiving elements 274 (second light
receiving unit), which are arranged in even-numbered posi-
tions, respectively form one group. In the following descrip-
tion, it is assumed that six light receiving elements 273 and six
light receiving elements 274 are used. Note that, in the draw-
ings, #1 to #6 displayed on the light receiving elements 273
and 274 are the numbers of the light receiving elements 273
and 274.

FIG. 3 is a diagram showing the circuitry of the control IC
275 and the electrical connection between the light emitting
element 272 and the light receiving elements 273 and 274. A
reference voltage is input from a voltage follower element
280 to non-inverting input terminals of I-V conversion ampli-
fiers 281 and 282 serving as operational amplifiers. Each light
receiving element 273 outputs a current corresponding to a
received light quantity to an inverting input terminal of the
1-V conversion amplifier 282. Since the impedance of the
inverting input terminal and the non-inverting input terminal
of'an ideal operational amplifier is infinite, the current corre-
sponding to the total received light quantity of the six light
receiving elements 273 will flow to a resistor 306 connected
between the inverting input terminal and the output terminal
of'the I-V conversion amplifier 282. Also, the inverting input
terminal and the non-inverting input terminal of the ideal
operational amplifier (I-V conversion amplifier) 282 are vir-
tually short-circuited and potentials thereof are approxi-
mately equal. Therefore, in the case where none of the six
light receiving elements 273 are receiving light, the output of
the I-V conversion amplifier 282 will equal the reference
voltage, since current does not flow to the resistor 306 and
there is no voltage drop caused by the resistor 306.

In contrast, the current flowing to the resistor 306 also
increases as the total received light quantity of the light
receiving elements 273 increases, and therefore the amount of
voltage drop in the resistor 306 also increases. Accordingly,
with the configuration in FIG. 3, an output voltage S1 (here-
inafter referred to as voltage S1) of the I-V conversion ampli-
fier 282 will decrease as the total received light quantity of the
six light receiving elements 273 increases. Note that a capaci-
tor connected between the inverting input terminal and the
output terminal of the I-V conversion amplifier 282 is for
phase compensation and denoising. Similarly, an output volt-
age S2 (hereinafter referred to as voltage S2) of the [-V
conversion amplifier 281 will decrease as the total received
light quantity of the six light receiving eclements 274
increases. Note that although the light receiving elements 273
are each electrically connected to the I-V conversion ampli-
fier 282 and the light receiving elements 274 are each elec-
trically connected to the I-V conversion amplifier 281 in FIG.
3, it is clear that even in the case where this correspondence
relationship is reversed, the sensor will operate so as to obtain
similar effects.
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The voltage S1 is input to the inverting input terminal of a
differential amplifier 283 serving as an operational amplifier
constituting a subtraction circuit together with resistors 307
to 310, and the voltage S2 is input to the non-inverting input
terminal ofthe differential amplifier 283. An analog reference
voltage Vrefoutput by a voltage follower element 284 is input
to the non-inverting input terminal of the differential ampli-
fier 283. Let the output voltage of the voltage follower ele-
ment 284 be Vref, the resistance values of the resistors 308,
307, 309 and 310 respectively be R308, R307, R309 and
R310, and the output of the differential amplifier 283 be Sout.
Then, Sout is represented by the following equation (1), when
R308=R309 and R307=R310, for example:

Sout=(S2-S1)x(R307/R308)+ Vref. o)

Accordingly, the output of the differential amplifier 283
equals the analog reference voltage Vref when the voltage S1
and the voltage S2 are equal. Also, the output of the differen-
tial amplifier 283 is higher than the analog reference voltage
Vref'in the case where the voltage S1 is lower than the voltage
S2, and is lower than the analog reference voltage Vref in the
case where the voltage S1 is higher than the voltage S2. Note
that the voltages S1 and S2 respectively decrease when the
received light quantity ofthe light receiving elements 273 and
274 increases. In this way, the output of the differential ampli-
fier 283 is higher than the analog reference voltage Vrefin the
case where the received light quantity of the light receiving
elements 273 is greater than that of the light receiving ele-
ments 274, and is lower than the analog reference voltage
Vref in the case where the received light quantity of the light
receiving elements 273 is lower than that of the light receiving
elements 274. The difference between the output of the dif-
ferential amplifier 283 and the analog reference voltage Vref
increases as the difference between the received light quantity
of the light receiving elements 273 and the received light
quantity of the light receiving element 274 increases. The
output of the differential amplifier 283 is output from a ter-
minal 300 to the outside of the control IC 275. In this way, the
control IC 275 constitutes an output unit that outputs a signal
(=Sout) that depends on the difference between the total
received light quantity ofthe light receiving elements 273 and
the total received light quantity of the light receiving elements
274.

Note that a voltage obtained by adding the voltage S1 and
the voltage S2 and voltage-dividing the result with the resistor
290 and the resistor 291 is input to the non-inverting input
terminal of a differential amplifier 285. Here, the resistance
values of the resistor 290 and the resistor 291 are equal. This
enables an output ((S1+S2)/2) equivalent to the total received
light quantity of the light receiving elements 273 and 274 to
then be detected, by short-circuiting a terminal 302 connected
to the output of the differential amplifier 285 and a terminal
303 connected to the inverting input terminal of the differen-
tial amplifier 285. This is used for measuring and adjusting
the light quantity of the light emitting element 272. Note that
a terminal 301 is used in adjusting the light quantity of the
light emitting element 272. For example, in response to a drop
in the light quantity of the light emitting element 272 due to
prolonged use, light emission intensity can be adjusted by
detecting the total received light quantity of the light receiv-
ing elements 273 and 274 when the intermediate transfer belt
8 is irradiated with light, and using this to adjust the voltage
applied to the terminal 301. Adjustment of the light quantity
of the light emitting element 272 is executed by the control
unit 25, for example, before detecting reflected light from a
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patch image 81 in the density control processing, for example.
In other words, the control unit 25 also functions as a light
quantity control unit.

Next, reception by the sensor 27 of specular reflected light
from the patch image 81 formed on the intermediate transfer
belt 8 will be described using FIGS. 4A and 4B. Note that, in
FIG. 4A, the control IC 275 and the substrate 271 are omitted
for simplification. Also, in FIG. 4A, the arrow denoted by
reference numeral 82 indicates the movement direction of the
intermediate transfer belt 8. As shown in FIG. 4A, in the
present embodiment, the patch image 81 is an image includ-
ing a plurality of lines formed by toner perpendicular to the
movement direction of the intermediate transfer belt 8 and at
an equal pitch in the movement direction.

As shown in FIG. 4A, diffused light irradiated between the
toner lines of the patch image 81 from the light emitting
element 272 is specular reflected. In the present embodiment,
as shown in FIG. 5, the pitch between adjacent toner lines
(toner portions) of the patch image 81 is Pt, and the pitch of
the light receiving elements 273 and 274 in the movement
direction 82 is 2Pt, which is twice the pitch of the toner
portions. Note that in all of the embodiments, the pitch of the
toner portions, as shown in FIG. 5, denotes the distance
between a position of one toner portion and a corresponding
position of a toner portion adjacent thereto, and does not
denote the width of portions without toner (toner-less por-
tions). Note that, in the present embodiment, as shown in FI1G.
5, the widths of the toner portions and the toner-less portions
are set equally to Pt/2. Similarly, in all of the embodiments,
the pitch of adjacent light receiving elements, as shown in
FIG. 5, denotes the distance between a position of one light
receiving element and a corresponding position of an adjacent
light receiving element having the same reference sign, when
distinguishing between the light receiving elements 273 and
274. In the present embodiment, as shown in FIG. 5, the
pitches of the light receiving elements 273 and 274 are set
equally to 2Pt, and the widths of the light receiving elements
273 and 274 are set equally to Pt.

Since the angle of incidence and angle of reflection of
specular reflected light on the reflection surface are equal,
light reflected between the toner portions of the patch image
81 will, according to this configuration, be incident on only
the light receiving elements 273 or 274, depending on the
position of the patch image 81. FIG. 4A shows incidence of
specular reflected light on only the light receiving elements
273. Note that incidence of specular reflected light on only the
light receiving elements 273 referred to here also includes the
case where specular reflected light is approximately incident
on only the light receiving elements 273 or the light receiving
elements 274. FIG. 4B is a diagram in which, like FIG. 4A,
incidence of specular reflected light on only the light receiv-
ing elements 273 is shown, as viewed from a direction per-
pendicular to the movement direction of the intermediate
transfer belt 8 and to a plane including the normal direction of
the substrate 271.

On the other hand, light irradiated onto the toner portions
of the patch image 81 by the light emitting element 272 is
diffuse reflected. Accordingly, as shown in FIG. 6A, light
reflected by the toner portions is incident approximately uni-
formly on all of the light receiving elements 273 and 274.
Note that the control IC 275 and the substrate 271 have also
been omitted for simplification in FIG. 6A. Also, although
FIG. 6A shows only diffuse reflected light from one line
portion of the patch image 81, in actual fact, diffuse reflected
light from each line portion is incident on the light receiving
elements 273 and 274. FIG. 6B is a diagram in which, like
FIG. 6A, incidence of diffuse reflected light on all of the light
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receiving elements 273 is shown, as viewed from a direction
perpendicular to the movement direction of the intermediate
transfer belt 8 and to a plane including the normal direction of
the substrate 271.

Also, in areas in which the patch image 81 is not formed,
specular reflected light reflected by the surface of the inter-
mediate transfer belt 8 will be incident on all of the light
receiving elements 273 and 274. This is shown in FIG. 7. In
this way, both the light receiving elements 273 and 274
receive diffuse reflected light from the patch image. Also,
specular reflected light from the patch image is received by
either the light receiving elements 273 or 274 according to the
position of the patch image.

Accordingly, when the patch image 81 is outside the detec-
tion range of the sensor 27, specular reflected light reflected
by the surface of the intermediate transfer belt 8 is incident on
each of the light receiving elements 273 and 274 of the sensor
27. In this case, the voltages S1 and S2 of FIG. 3 are equal,
and, therefore, the output of the sensor 27 will be equal to the
analog reference voltage Vref.

In contrast, since light reflected by the toner-less portions
is, depending on the position of the patch image 81, incident
on only the light receiving elements 273 or 274 when the
patch image 81 enters the detection range of the sensor 27, the
voltage S1 and S2 will no longer be equal. Since the reflection
position of reflected light from the toner-less portions
changes due to movement of the patch image 81, the light
receiving state changes alternately between the light receiv-
ing elements 274 receiving specular reflected light and the
light receiving elements 273 receiving specular reflected
light. In other words, the magnitude relationship between the
voltage S1 and the voltage S2 will change alternately when
the patch image 81 is within the detection range of the sensor
27. Therefore, in the case where the patch image 81 is within
the detection range of the sensor 27, the output of the sensor
27 will oscillate around the analog reference voltage Vref.

The above contents will be described more specifically
using FIG. 8 and FIG. 9. Note that the light receiving elements
shown with a “+” sign in FIG. 8 are light receiving elements
273, and the light receiving elements shown with a “-" sign
are light receiving elements 274. Also, the number of each
light receiving element is shown below the light receiving
elements. Furthermore, the patch image 81 is assumed to
move in the direction of the left side in the diagram.

State 0: State 0 is a state in which each light receiving
element receives only specular reflected light from an area in
which the patch image 81 on the intermediate transfer belt 8
is not formed. Here, the circle mark on the dotted line of the
arrows is the reflection point on the intermediate transfer belt
8. At this time, the total received light quantities of the light
receiving elements 273 and the light receiving elements 274
are equal, and, therefore, the output of the sensor 27 will be
equal to the analog reference voltage Vref denoted by “State
0”in FIG. 9.

State 1: State 1 is a state in which the toner portion at the
head of the patch image 81 reaches the reflection point of
specular reflected light to the #6 light receiving element 274.
As shown in state 1(A), all of the light receiving elements
other than the #6 light receiving element 274 receive specular
reflected light. Also, as shown in state 1(B), each light receiv-
ing element receives diffuse reflected light from the toner
portion at the head of the patch image 81. Therefore, the #6
light receiving element 274 will receive only diffuse reflected
light, and not specular reflected light. On the other hand, the
other light receiving elements all receive specular reflected
light and diffuse reflected light, so the total received light
quantity of the light receiving elements 273 will be greater
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than the total received light quantity of the light receiving
elements 274. Therefore, the output of the sensor 27 will be a
higher voltage than the analog reference voltage Vref denoted
by “State 1” in FIG. 9.

State 2: State 2 is a state in which the toner portion at the
head of the patch image 81 reaches the reflection point of
specular reflected light to the #6 light receiving element 273.
As shown in the diagram, in state 2, all of the light receiving
elements 274 and the light receiving elements 273 other than
#6 receive specular reflected light, but the #6 light receiving
element 273 no longer receives specular reflected light. Also,
diffuse reflected light is substantially uniformly incident on
the light receiving elements 273 and 274. Accordingly, the
total received light quantity of the light receiving elements
273 will be less than the total received light quantity of the
light receiving elements 274. Therefore, the output of the
sensor 27 will be a lower voltage than the analog reference
voltage Vref, as denoted by “State 2 in FIG. 9.

State 3: State 3 is a state in which the toner-less portions of
the patch image 81 are at the reflection points of specular
reflected light to the light receiving elements 273. In other
words, the toner portions of the patch image 81 are at the
reflection points of specular reflected light to the light receiv-
ing elements 274. In this case, all of the light receiving ele-
ments 274 will receive only diffuse reflected light, and not
specular reflected light. In contrast, all of the light receiving
elements 273 will receive specular reflected light as shown by
the dotted-line arrows, in addition to diffuse reflected light.
Therefore, the total received light quantity of the light receiv-
ing elements 273 is greater than the total received light quan-
tity of the light receiving elements 274, with the difference
therebetween being maximized. Therefore, the output of the
sensor 27 will be the maximum voltage, as denoted by “State
3”in FIG. 9.

State 4: State 4 is a state in which the toner-less portions of
the patch image 81 are at the reflection points of specular
reflected light to the light receiving elements 274. In other
words, the toner portions of the patch image 81 are the reflec-
tion points of specular reflected light to the light receiving
elements 273. In this case, all of the light receiving elements
273 will receive only diffuse reflected light, and not specular
reflected light. In contrast, all of the light receiving elements
274 will receive specular reflected light as shown by the
dotted-line arrows in the diagram, in addition to diffuse
reflected light. Therefore, the total received light quantity of
the light receiving elements 274 is greater than the total
received light quantity of the light receiving elements 273,
with the difference therebetween being maximized. There-
fore, the output of the sensor 27 will be the minimum voltage,
as denoted by “State 4” in FIG. 9.

Thereafter, in accordance with movement of the patch
image 81, the magnitude relationship between the total
received light quantities of the light receiving elements 273
and the light receiving elements 274 is reversed, and the
difference therebetween decreases. Therefore, as the output
of the sensor 27 oscillates between positive and negative
based on the analog reference voltage Vref, the absolute value
thereof becomes smaller, as shown in FIG. 9. Here, the maxi-
mum amplitude of the sensor 27 will change according to the
proportion (toner distribution rate) of toner in the toner por-
tions of the patch image 81. Referring to the circuit of FIG. 3,
the influence of diffuse reflected light is canceled by the
differential amplifier 283 irrespective of light quantity. On the
other hand, with regard to specular reflected light, the output
of the sensor 27 will change according to the difference in
reflected light quantity between the patch image portion and
the intermediate transfer belt.
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FIG. 10 shows patch images 81a, 815, and 81¢ in which the
toner distribution rates of the toner portions are respectively
100%, 50% and 30%. Note that the patch images 81a, 815 and
81c all have toner portions with a 3-dot width and toner-less
portions with a 3-dot width. Vpk100, Vpk50 and Vpk30 in
FIG. 11 are the respective maximum outputs of the sensor 27
when the patch images 81a, 815 and 81c are used. As shown
in FIG. 11, Vpk50 and Vpk30 are respectively 50% and 30%
0ot Vpk100, and a value corresponding to the toner distribution
rate of the toner portions of the patch image 81 is output from
the sensor 27.

The signal output by the sensor 27 is input to the control
unit 25 of FIG. 1. The control unit 25 also serves as a deter-
mination unit that determines the density of the patch image
81 from the peak value of the output signal of the sensor 27.
Also, when there is no linearity in the relationship between
peak value and density, the control unit 25 holds a table in
which peak values and densities are associated or an arith-
metic equation, and derives the density from the peak value as
appropriate. Also, the control unit 25 may directly adjust the
various image forming conditions based on the peak value, or
adjust gamma correction (one of the image forming condi-
tions), without deriving the density. The control unit 25 also
serves as a determination unit that determines the position of
the patch image 81 from the timing at which the peak value of
the output signal of the sensor 27 is generated. Color shift
correction can be performed by comparing the timings at
which the peak values of the different colors are generated,
and performing adjustment to obtain a desired relationship.
As shown in FIG. 12A, the control unit 25 rectifies the output
signal from the sensor 27 with the rectifying circuit 251, and
performs waveform shaping with a low pass filter 252. The
output of the low pass filter 252 is connected to an analog
detection terminal of the CPU 26, undergoes analog-to-digi-
tal conversion in the CPU 26, and is imported as density data.
An output signal VSR _rec of the rectifying circuit 251 and an
output signal VSR_lp of the low pass filter 252 are shown in
FIG. 12B. Note that it is possible to simply measure only the
peak value (p-p or 0-p) of the output signal of the sensor 27.
Also, a configuration may be adopted in which the control
unit 25 determines whether the output signal VSR_Ip exceeds
or falls below a threshold, as the method by which the position
of the patch image 81 is determined.

Note that if the toner portions of the patch image 81 are
doubled in number without changing the pitch thereof in the
movement direction of the patch image 81, peak values will
be continuously output from the sensor 27. If the CPU 26 is
configured to determine the peak value with, for example, an
average value of the continuously output peak values, peak
value detection accuracy can be further improved.

As described above, in the present embodiment, diffuse
reflected light is commonly incident on all of the light receiv-
ing elements 273 and 274, and diffuse reflected light input to
both groups of light receiving elements is processed by a
differential circuit within the sensor 27. Accordingly, the
control unit 25 is able to take the output of the differential
circuit as the variation in light quantity of specular reflected
light, without needing to perform correction processing or the
like on diffuse reflected light. In other words, if the change in
specular reflected light respectively received by the light
receiving elements 273 and 274 from toner-less portions due
to movement of the patch image 81 differs between the light
receiving elements 273 and 274, the density of the patch
image can be determined from the difference in received light
quantity between the light receiving elements 273 and 274.
Thereby, the problem of the increased size of the sensor for
detecting light quantity can be solved, in the case of separat-
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ing specular reflected light and diftuse reflected light in asso-
ciation with patch image detection.

Furthermore, the patch image 81 may be a repetitive pat-
tern of 6 dots in total consisting of toner portions having a
3-dot width and toner-less portions having a 3-dot width, so
even if the pattern is repeated six times, a single patch image
81 having a total width of 36 dots can be formed. In the
conventional technology, the size of the patch image 81 for
density detection is dependent on the spot diameter of the
light emitting element 272, and with a 600 dpi printer, for
example, a patch image of around 150 to 200 dots in size was
required. Accordingly, the amount of toner consumption can
also be reduced in comparison to the conventional technol-
ogy. Therefore, cleaning toner on the intermediate transfer
belt 8 is facilitated, and miniaturization of the waste toner box
for collecting waste toner after cleaning can be anticipated.
Also, the light emission quantity of the light emitting element
272 can be suppressed, by disposing the light receiving ele-
ments 273 and 274 in an array. Also, the configuration is
simplified since the spot diameter of the light emitting ele-
ment 272 does not need to be narrowed down.

Note that although FIG. 3 was described in the case of the
gains of the I-V conversion amplifiers 281 and 282 being the
same and the numbers of light receiving elements 273 and
274 being the same, the present invention is not limited to
such a configuration. For example, in the case where the gain
of the I-V conversion amplifier 281 is twice that of the [-V
conversion amplifier 282, the number of light receiving ele-
ments 274 connected to the I-V conversion amplifier 281 may
be halved. It is clear that similar effects are also obtained by
thus varying the configuration.

Also, although six light receiving elements 273 and 274
each were used in the abovementioned embodiment, the
present invention is not limited thereto. For example, in the
case where sufficient reflected light quantity is obtained for
density control, it is possible to use arbitrary pairs of light
receiving elements 273 and 274, such as being able to use
only one pair of light receiving elements 273 and 274. Also,
the number of toner portions of the patch image 81 is not
limited to six. For example, in the case of using one pair of
light receiving elements 273 and 274, the patch image 81 can
be composed of one toner portion. A difference in output
between the light receiving elements 273 and 274 with move-
ment of the patch image 81 also occurs in this case, enabling
density and the like to be detected from this difference. In
other words, a waveform output of one cycle including state 3
and state 4 in FIG. 9 will be obtained in the case where
sufficient reflected light quantity is obtained, with the ampli-
tude of this waveform representing the density of the patch
image. The effect of cancelling the influence of diffuse
reflected light can also be obtained in this case, and the
problem of the increased size of the light quantity detection
sensor associated with separating specular reflected light and
diffuse reflected light can be solved.

Also, although the above description was given in the con-
text of a plurality of light receiving elements 273 and 274 and
a plurality of patch images 81 being respectively arrayed at
prescribed pitches, the present invention is not limited to this
configuration. A light receiving element array may be consti-
tuted by a plurality of light receiving elements to realize
favorable light receiving characteristics (S/N ratio), and the
circuitry of the sensor 27 may be configured as shown in FIG.
13, for example, in terms of canceling the influence of diffuse
reflected light. Also, the patch image may be formed and
detected as shown in FIG. 14 in response to this.

Inthe case of FI1G. 14, a patch image 810a (3Pt width in the
movement direction of the patch image) reduces or blocks
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specular reflected light from being incident on the plurality of
adjacent light receiving elements 273 numbered #1 to #6.
Note that disposing light receiving elements or light receiving
units adjacent to each other is to enable the light receiving
elements or the light receiving units to receive similar diffuse
reflected light. Accordingly, if within the range thereof, a
slight gap of less than the width (Pt) of one light receiving
pixel, for example, may be provided between the light receiv-
ing elements or between the light receiving units. Based on
FIG. 13, in the case of wanting to maximize sensor output,
specular reflected light from the patch image 8104 need only
be incident on the six light receiving elements 273 (light
receiving unit), and specular reflected light from the interme-
diate transfer belt 8 need only be incident on the light receiv-
ing elements 274 (light receiving unit), for example. In this
case, if the width of the light receiving units in the movement
direction of the patch image 810« is then set such that the
width in the movement direction of the patch image is the
same as the light receiving width (width in the movement
direction), on the light receiving units, of specular reflected
light from an entirety of one patch image, the amount of toner
consumption can be cut. The effect of saving toner in the case
of maximizing sensor output is also obtained with the patch
image illustrated in FIG. 6.

Also, although not illustrated in FIG. 14, diffuse reflected
light reflected from the patch image 810a at this time is
uniformly incident on the light receiving elements 273 and
274 numbered #1 to #6. That is, the influence of diffuse
reflected light is, as described above, also canceled in the
output of the differential amplifier 283 with the sensor 27
illustrated in FIGS. 13 and 14. Note that in the case where the
pitch of the patch image is zero, as with the patch image 810a
in FIG. 14, the rectifying circuit 251 and the low pass filter
252 are no longer required, and the sensor output can be input
directly to a comparator.

Also, the patch image 8104 in FIG. 14 corresponds to the
100% density patch image 81a in FIG. 10. The condition of
light receiving positions, on the light receiving surface of the
light receiving elements 273, of light specular reflected at
each of two points on the intermediate transfer belt 8 sepa-
rated by a given distance in a movement direction thereof is
assumed to be the same as FIG. 5. In this case, the width of'the
patch image 810¢ in the movement direction is 18 dots
(equivalent to 3Pt), which is 6 times the width in FIG. 10. It is
also possible to form and detect halftone patch images corre-
sponding to the patch images 815 and 81¢ in FIG. 10, instead
of the patch image 810a. In this case, the width of the toner-
less portions of the respective patch images 815 and 81c¢ in
FIG. 10 need only be set 0 dots. The types of halftone image
are, of course, not limited to those illustrated in FIG. 10.

In this way, the present embodiment is not limited to the
case where the terminal of the differential amplifier serving as
an input point for signals changes every one light receiving
element, in relation to light receiving elements adjacently
arranged in an array. The patch image and the sensor 27 may
be configured such that the terminal of the differential ampli-
fier 283 serving as an input point for signals changes every
one or more light receiving elements. In the example of FIGS.
13 and 14, the terminal of the differential amplifier serving as
an input point for signals changes every six adjacently
arranged light receiving elements. Also, with regard to the
question of how many light receiving elements are required
before changing the terminal of the differential amplifier
serving as an input point for signals, the number of light
receiving units can, in the case where one or more light
receiving elements are referred to as a light receiving unit, be
an arbitrary number of two or more. That is, although the case
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of two light receiving units is shown in FIGS. 13 and 14, an
arbitrary number of two or more light receiving units may be
provided.

Furthermore, the pitch of the toner portions and the pitch of
the light receiving elements shown in FIG. 5 are the pitches
when the light emitting element 272 and the light receiving
elements 273 and 274 are in the same plane parallel to the
intermediate transfer belt 8, and the present embodiment is
not limited to the pitches shown in FIG. 5. In other words, in
a case such as where the substrate 271 has a difference in
levels, for example, the pitch of the toner portions or the pitch
of the light receiving elements can be changed, according to
the difference in installation surface of the light emitting
element 272 and the light receiving elements 273 and 274.
Furthermore, the width of the toner portions and the width of
the light receiving elements 273 and 274 are not limited to the
widths shown in FIG. 5. For example, in FIG. 5, it is clear that
output such as shown in FIG. 9 can also be obtained if the
width of the toner portions is increased beyond Pt/2, to 3Pt/4,
for example, while keeping the pitch of the toner portions at
Pt.

For example, if the pitch of the toner portions is D (first
pitch/first distance), light specular reflected at respective
positions separated by D in the movement direction of the
intermediate transfer belt 8 will be at a distance of L when
received by the light receiving elements 273 and 274. In this
case, the pitch of the light receiving elements 273 and 274
(second pitch/second distance) need only be respectively set
to L. In other words, the distance L. can be increased an
arbitrary n times the distance D (where n is a positive number
greater than 1).

Second Embodiment

Next, a second embodiment will be described focusing on
differences with the first embodiment. Note that the same
reference numerals are used for similar constituent elements
to the first embodiment, and description thereofis omitted. In
the present embodiment, as shown in FIG. 15, a lens 400 is
provided in the sensor 27, and light from the light emitting
element 272 is irradiated onto the intermediate transfer belt 8
after being converted into parallel light.

In the present embodiment, the pitch of the toner portions
of the patch image 81 is 2Pt, as shown in FIG. 17. In other
words, the pitch of adjacent light receiving elements 273 and
274 is equal to the pitch of the toner portions. As shown in
FIG. 16, light from the light emitting element 272 is corrected
and converted into parallel light by the lens 400. Parallel light
that is incident on the toner-less portions of the patch image
81 is specular reflected, and, as shown in FIG. 16, is incident
on only the light receiving elements 273 or 274 according to
the position of the patch image 81. In contrast, light that is
incident on the toner portions of the patch image 81 is diffuse
reflected, and is incident on the light receiving elements 273
and 274, similarly to the first embodiment. The dotted-line
arrows in FIG. 16 show light that is incident on the light
receiving elements 273 after having been specular reflected
by the toner-less portions of the patch image 81.

In the present embodiment, the output of the sensor 27
when the patch image 81 moves together with the intermedi-
ate transfer belt 8 is similar to the first embodiment. In the
present embodiment, irradiated light is converted to parallel
light by the lens 400. Thus, even in the case where the sensor
27 and the intermediate transfer belt 8 are separated at a
distance, there is an advantage in that there is no accompany-
ing drop in light quantity due to diffusion of light. Therefore,
restrictions on the disposition position of the sensor 27 are
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reduced, and flexibility in device design increases. Also, simi-
lar advantages are obtained when the circuitry and the patch
image described in FIGS. 13 and 14 are applied to the second
embodiment.

Third Embodiment

Next, a third embodiment will be described focusing on
differences with the first embodiment. Note that the same
reference numerals are used for similar constituent elements
to the first embodiment, and description thereof is omitted. In
the present embodiment, the light receiving elements 273 and
274 of the sensor 27 are made smaller (narrower), enhancing
the cost advantage.

FIG. 18 shows the relationship between the light receiving
elements 273 and 274 and the toner portions and toner-less
portions of the patch image 81 in the present embodiment. A
difference with the first embodiment is that the width of the
light receiving elements 273 and 274 is set to %5 of Pt while
keeping the pitch of the light receiving elements at 2Pt. Note
that %4 is merely an example, and other sizes can also be used.

Also in the present embodiment, the output waveform of
the sensor 27 will, as shown in FIG. 19, have a shape that
oscillates around the analog reference voltage Vref, similarly
to the first embodiment. However, in the present embodiment,
the width, at the position of the light receiving elements, of
light reflected at positions separated by the width of the toner
portions is three times the width of the light receiving ele-
ments 273 and 274. Since the light receiving portions of the
light receiving elements 273 and 274 have the same width as
the light receiving elements 273 and 274, in the present
embodiment the, peak value will continue for longer than the
first embodiment. Therefore, the waveform will be trapezoi-
dal in shape, as shown in FIG. 19.

Vpk100, Vpk50 and Vpk30 in FIG. 20 are respectively the
maximum outputs of the sensor 27 in the case where the patch
images 81a, 815 and 81c¢ in FIG. 10 are used. Note that the
configuration of the sensor 27 is similar to that of the first
embodiment, and description thereof is omitted here. The
patterns shown in FIG. 10 each consists of stripes every 3
dots. On the other hand, the light receiving elements 273 and
274 of the present embodiment will sequentially receive
reflected light corresponding to a line width of 1 dot, irrespec-
tive of whether the reflected light is from the patch image or
from intermediate transfer belt.

Inthe case of the patch image 81a, the amplitude shown by
Vpk100 will have a waveform that continues for a period of
time equivalent to a 3-dot line, as shown in FIG. 20. In the
case of the patch image 815, Vpk50, whose voltage is 50% of
Vpk100, will have a waveform that continues for a period of
time equivalent to a 3-dot line, since the toner ratio for 1 dot
is also 50% of the patch image 81a. The toner ratios of the first
to third dot lines of the patch image 81¢ are 66%, 33% and
0%, respectively. Accordingly, as shown in FIG. 20, respec-
tive voltages of 66%, 33% and 0% relative to Vpk100 will
have waveforms that each continues for a period of time
equivalent to 1-dot line.

In the case of the present embodiment, as shown in FIG. 20,
the peak values of the sensor 27 do not coincide with the
densities of the patch images 81. However, values obtained by
integrating the output of the sensor 27 on the time axis do
coincide with the densities of the patch images 81. Accord-
ingly, as shown in FIG. 21A, in the present embodiment, the
controlunit 25 is provided with a rectifying circuit 253 and an
integrating circuit 254, and integrates the output of the sensor
27 after halfwave rectification.
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FIG. 21B shows an output VSR_rec of the halfwave recti-
fying circuit 253 and an output VSR_Intg of the integrating
circuit 254 for each patch image. The output VSR_Intg will
be a density value substantively indicating the density of the
patch image. The control unit 25 controls the image forming
conditions described in the first embodiment based on this
output VSR_Intg. Vzp100 is a peak value of the output signal
of'the rectifying circuit 253 when the sensor 27 has measured
the patch image 81a. Also, VSR_Intg100 is an integral value
of the integrating circuit 254 when the patch image 81a is
measured. Note that Vzp50 and VSR_Intg50 are the respec-
tive values when the patch image 82a is measured, and Vzp30
and VSR_Intg30 are the respective values when the patch
image 82c¢ is measured. As shown in FIG. 21B, the integral
values are proportional to the densities of the patch images.

Hereinabove, in the present embodiment, in addition to the
effects described in the abovementioned embodiments, the
width of the light receiving elements 273 and 274 is made
narrower than the width of the lines of the patch image formed
by toner. Low-cost light receiving elements can thereby be
used. Note that the circuits shown in FIG. 21A, or in other
words, integration, can be used in place of the peak value
detection of the first embodiment and the second embodi-
ment. In this case, the sensor output from the terminal 300 in
the first embodiment and the second embodiment is input to
the rectifying circuit 253. The control unit 250 then need only
derive the integral value VSR _Intg output from the integrat-
ing circuit 254.

OTHER EMBODIMENTS

Aspects of the present invention can also be realized by a
computer of a system or apparatus or devices such as a CPU
or MPU that reads out and executes a program recorded on a
memory apparatus to perform the functions of the above to
described embodiments, and by a method, the steps of that are
performed by a computer of a system or apparatus by, for
example, reading out and executing a program recorded on a
memory apparatus to perform the functions of the above to
described embodiments. For this purpose, the program is
provided to the computer for example via a network or from
a recording medium of various types serving as the memory
apparatus (e.g., computer to readable medium).

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2011-146334 filed on Jun. 30, 2011 and
Japanese Patent Application No. 2011-185258 filed on Aug.
26, 2011, which are hereby incorporated by reference herein
in their entirety.

The invention claimed is:

1. An image forming apparatus comprising:

an image carrier;

an image forming unit configured to form a patch image
including a plurality of patterns on the image carrier;

a light emitting unit;

aplurality of light receiving units adjacently arranged so as
to receive light reflected from the patch image when
light is irradiated by the light emitting unit onto the patch
image which moves with movement of the image carrier,
and each including one or more light receiving elements;
and
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an output unit configured to output an output signal that
depends on a difference between a received light quan-
tity of a first light receiving unit and a received light
quantity of a second light receiving unit that are respec-
tively odd-numbered and even-numbered in an arrange-
ment order of the light receiving units,
wherein the plurality of light receiving units is configured
to receive light reflected from the plurality of patterns,

the output unit is further configured to output the output
signal indicating a first value when the plurality of light
receiving units receives light from a first number of
patterns among the plurality of patterns, and to output
the output signal indicating a second value greater than
the first value when the plurality of light receiving units
receives light from a second number of patterns, which is
greater than the first number of patterns, among the
plurality of patterns,

the patch image includes one or more lines,

the light emitting unit and the plurality of light receiving

units are arranged such that the received light quantity of
the first light receiving unit and the received light quan-
tity of the second light receiving unit, of light irradiated
by the light emitting unit and reflected by the patch
image, vary with movement of the image carrier, and
respectively differ, and

wherein the plurality of light receiving units is arranged at

different positions in a movement direction of the image
carrier.

2. The image forming apparatus according to claim 1,
wherein the light reflected from the patch image includes
diffuse reflected light and specular reflected light, and varia-
tion in diffuse reflected light is common to the first light
receiving unit and the second light receiving unit.

3. The image forming apparatus according to claim 1,
wherein diffuse reflected light from the patch image is
received by both the first light receiving unit and the second
light receiving unit, and specular reflected light from the
patch image is received by one of the first light receiving unit
and the second light receiving unit.

4. The image forming apparatus according to claim 1,

wherein the patch image includes a plurality of lines

arranged at a first pitch in a movement direction of the
patch image,
the first light receiving unit and the second light receiving
unit are respectively arranged at a second pitch, and

light beams irradiated by the light emitting unit and specu-
lar reflected at positions on the image carrier that are
separated by the first pitch in the movement direction
become the second pitch at a surface on which the light
receiving units are arranged.
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5. The image forming apparatus according to claim 4,
further comprising a converting unit configured to convert
light irradiated by the light emitting unit into parallel light,

wherein the second pitch is equal to the first pitch.

6. The image forming apparatus according to claim 1,
wherein a width of light in a movement direction of the image
carrier when specular reflected light is received by the light
receiving units from an entirety of the patch image is the same
as a width of the light receiving units in the movement direc-
tion.

7. The image forming apparatus according to claim 1,
further comprising a control unit configured to control an
image forming condition of the image forming unit based on
the output signal of the output unit.

8. The image forming apparatus according to claim 7,
wherein the control unit is further configured to control the
image forming condition based on a peak value of the output
signal from the output unit.

9. The image forming apparatus according to claim 7,
further comprising:

a rectifying unit configured to rectify the output signal

from the output unit; and

an integrating unit configured to integrate an output of the

rectifying unit,

wherein the control unit is further configured to control the

image forming condition based on an integral value out-
put by the integrating unit.

10. The image forming apparatus according to claim 7,

wherein a width of each of the first light receiving unit and

the second light receiving unit in the movement direc-
tion of the patch image is narrower than a width of the
lines of the patch image,

the control unit further includes a rectifying unit config-

ured to rectify the output signal from the output unit, and
an integrating unit configured to integrate an output of
the rectifying unit, and

the control unit is further configured to control the image

forming condition based on an integral value output by
the integrating unit.

11. The image forming apparatus according to claim 1,
further comprising a light quantity control unit configured to
control a light emission intensity of the light emitting unit,
based on the difference in received light quantity between the
first and second light receiving units.

12. The image forming apparatus according to claim 1,
wherein each of the plurality of light receiving units is con-
figured to receive specular reflection light from the image
carrier and diffuse reflection light from the patch image
depending on a movement of the patch image.
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